A new method for the determination of the ability of an electrolyte to distrubute uniformly current density in an electrochemical cell is proposed. It is based on the comparison of the current in cells in which the electrode edges touch the cell side walls with the current in cells with different electrode edge -cell side wall distances. The effects of cell geometry, process parameters and current density are discussed and illustrated using the results presented in the previous papers from this series.
INTRODUCTION
The ability of an electrolyte to provide a uniform current density distribution over a cathode surface has been the subject of numerous investigations, resulting in a large number of different criteria to determine it as the throwing power indexes of an electroplating bath. [1] [2] [3] [4] [5] [6] [7] Two of these attempts were presented in this series. [6] [7] In both cases, however, the obtained results were expressed by relations without clear physical meaning and generally included a comparison of the actual current density distribution to the current density distribution in the case of total Ohmic control, i.e., under conditions of primary current distribution.
On the other hand, a method of current density distribution analysis based on the current density -cell voltage curves, desccribed in our previous papers, 8, 9 permits a more direct estimation of the ability of an electrolyte to distribute the current density uniformly in cells with non-uniform geometry. This can be done by direct comparison of the current density in cells with different interelectrode and different electrode edges -side wall distances under different deposition conditions, as illustrated below, on the basis of results from Refs. 8 and 9.
EXPERIMENTAL
The cell with parallel plate electrodes used in this work was made of perspex and is shown in Fig. 1 . Side screens enabled the distance L between the edges of the electrodes and the side walls to be varied. In addition, one of the front walls was also movable in order to enable different interelectrode distances to be obtained. The electrodes were made of copper and had working dimensions 50 mḿ 50 mm. The back sides of the electrodes were insulated. The electrolyte was made from p.a. chemicals and distilled water.
The measurements were done using a steady-state technique. The dimensionless variables used in this work were extracted from them as the ratios j L>0 /j L=0 and j L=0 /j L , which permit a comparison of the current density distribution in different cells under different conditions.
RESULTS AND DISCUSSION
The effect of the interelectrode distance on the ability of the electrolyte to uniformly distribute the current density can be illustrated by plotting the ratios of the cur- The same plots, but for l = 150 mm and different L values is shown in Fig. 4 . Obviously, the larger the current density ratio, the lower is the ability of an electrolyte to distribute homogeneously the current in the cell.
Hence, an increase of the interelectrode distance leads to a worsening of the current density distribution, as does an increase of the electrode edges -cell side wall distance.
The effects of the supporting electrolyte concentration, depositing ion concentration, lead anode and the temperature on the ability of an elecrolyte to homogeneously distribute the current density are illustrated by Fig. 5 .
Increasing the reaction ion concentration, the stirring rate and decreasing the supporting ion concentration lead to complete Ohmic control and the polarization curves lose their "S" shape and become straight lines, meaning full Ohmic control, as can be seen from Figs. 3, 5 and 6 in Ref. 9 . In all other cases, diffusion control becomes dominant al large cell voltages, 8, 9 which leads to a uniform current density distribution.
All the above facts can be explained by discussing L', the depth of current line penetration between the electrode edges and cell side wall. It was shown 10 where L is the electrode edges -cell side wall distance. If L = 150 mm, condition (2) is satisfied and L' from Eq. (1) should be used in Eq. (3).
U in the above relations represents the cell voltage, h a and h c the anodic and cathodic overpotentials, respectively, l the interelectrode distance, r the resistivity of the solution, A the electrode width and j the current density.
For one and the same current density in the cell, the electrochemical part of the cell voltage does not depend on the interelectrode distance, but the Ohmic drop in a homogeneous field is strongly dependent on it, which leads to an increase of L' with increasing l. This produces a decrease in the cell voltage at a fixed current density, because of the decrease of the overall Ohmic resistance. Hence, at a fixed cell voltage, the increase of L' will produce an increase of the current density relative to the cell with L = 0 for the same l and hence a worse current density distribution. The effect will be the same with increasing L at l = 150 mm, if condition (2) is not satisfied.
In a similar way, in cells with the same l = 150 mm and L = 150 mm, L' will depend on the fraction of Ohmic drop rlj in the cell voltage. At a value of fixed l, the product rlj increases faster with increasing j than the electrochemical part of the cell voltage. Hence, increasing the depositing ion concentration and the stirring rate decreases the ability of the electrolyte to distribute the current density uniformly, as does decreasing the supporting electrolyte concentration. Increasing the Tafel slopes and, probably, decreasing the exchange current densities will improve the current distribution.
Obviously, diffusion control of the deposition process produces a uniform distribution of current density.
Changing the temperature also produces a significant effect, because the decrease of r is larger than the increase of j with increasing temperature.
As was shown in previous papers, 10,11 polarization curves can be easily calculated using the data from simple polarization measurements. Hence, the current density distribution in cells with plane parallel electrodes can be calculated without experimental determination.
The above conclusions are derived from the results presented in Refs. 8 and 9. It should be noted that in plotting the dependencies in Figs. 2-4 it was assumed that the limiting current density of the deposited ions is always the same even in the situations when dendritic growth or hydrogen evolution take place and that the measured current density is larger than the limiting diffusion one, as is the case when l = 150 mm and L = 150 mm, for example.
In this way the possibilities of the method developed in this series of papers are clearly demonstrated. Predlo`en je novi metod za odre|ivawe sposobnosti elektrolita za ravnomernu raspodelu struje u elektrohemijskoj }eliji. Metod je zasnovan na pore|ewu gustine struje u }eliji u kojoj elektrode dodiruju zidove suda, sa gustinom struje u }eliji sa promenqivim rastojawem zidova suda od ivice elektrode. Uticaji geometrije }elije, parametara procesa i gustine struje razmatrani su i ilustrovani koriste}i rezultate date u prethodnim radovima iz ove serije.
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